SUMMARY The plasma concentration of human leucocyte elastase (HLE), measured by enzyme immunoassay as the complex with o1-proteinase inhibitor, was determined in 94 patients with active and inactive inflammatory bowel disease. In Crohn's disease and in ulcerative colitis human leucocyte elastase levels were raised significantly above normal when the disease was active, and fell on remission. 
management of these conditions. Human leucocyte elastase (HLE), a neutral proteinase normally stored in the azurophil granules of the polymorphonuclear leucocytes, is released into the extracellular space during the process of phagocytosis. At physiological pH, it cleaves many structural' and soluble proteins2 3 including the components of the complement system.4 It may thus be an important mediator of inflammation and tissue damage, and increased plasma levels of human leucocyte elastase have been reported in septicaemia,5 6 where they correlated with clinical status,6 in leukaemia5 6 and in rheumatoid arthritis.7
Neutrophil infiltration is a constant histological finding in the lesions of ulcerative colitis and is frequently seen in Crohn's disease, suggesting that elastase may participate in the pathogenesis of these diseases. We report here that plasma concentrations of human leucocyte elastase measured by a new solid phase enzyme immunoassay technique8 are raised in patients with active inflammatory bowel disease and suggest that the circulating concentration of human leucocyte elastase may be used as a marker of disease activity.
Methods

PATIENTS
Fifty six individuals with Crohn's disease and 38 with ulcerative colitis who were all under the care of the Gastroenterology Unit, Department of Medicine, Hammersmith Hospital, were studied between November 1982 and March 1984 (Table) labelled anti-cxl-proteinase inhibitor antibodies. Inter and intra-assay coefficients of variation were 10% or less and the lower limit of sensitivity of the assay was 13 ug/l.
The concentration of C-reactive protein (CRP), the classical acute phase reactant, the serum concentrations and behaviour of which have been extensively documented in inflammatory bowel disease, 5 16 was also measured in the same plasma samples. The technique of electroimmunoassay (lower limit of sensitivity 2 mg/l) was used precisely as previously reported16 and no difference was detected between results obtained with EDTAplasma and with serum derived from the same blood samples in 30 different subjects. Among normal subjects 90% have CRP values less than 3 mg/l and 99% are less than 10 mg/l. 17 The erythrocyte sedimentation rate (ESR) was measured by the Westergren method 8 in portions of the same samples used for C-reactive protein and human leucocyte elastase assays.
STATISTICAL METHODS
Differences between the mean human leucocyte elastase concentrations in different disease groups were sought by unpaired Student's t tests and in serial studies by paired t tests. As C-reactive protein values cover an extended dynamic range and are generally not normally distributed, differences between groups were sought by non-parametric tests, the Wilcoxon's rank sum test and the MannWhitney U-test. Correlation between different variables was sought using Spearman's rank correlation coefficient.
Results
PLASMA HUMAN LEUCOCYTE ELASTASE CONCENTRATION IN INFLAMMATORY BOWEL DISEASE
The human leucocyte elastase concentrations in healthy normal controls showed a near normal distribution with a mean of 55 gg/l and a standard deviation of 14 ( Fig. 1) . The normal range (2 SD about the mean) was thus established to be ,ug/l. Patients with active Crohn's disease and ulcerative colitis had raised human leucocyte' elastase concentrations. The mean concentration in 31 cases of active Crohn's disease was 169 ,ug/l, while in 23 patients with active ulcerative colitis it was 119 ,ug/l. These values were both highly significantly different from normal (p<0.00001). In addition the mean human leucocyte elastase in patients with active Crohn's disease was higher than in patients with active ulcerative colitis (p=0013).
Among patients with active Crohn's disease, 13 had predominantly small bowel disease, 14 large bowel and only four had combined small and large bowel Crohn's disease. The (Fig. 1) . These values were significantly less than those seen in active Crohn's disease and ulcerative colitis (p=0-0001 and p=0.0014 respectively), but did not differ from each other. They were, however, both greater than normal (p<0-01).
In 25 patients with active Crohn's disease repeat measurements of plasma human leucocyte elastase concentration were available after treatment when the disease was quiescent. There was a significant fall from a mean of 174 ,g/l to 80 ,ug/l (p<000001) (Fig. 2) . In 15 patients with ulcerative colitis who were tested when active and in remission the mean human leucocyte elastase value fell from 132 ,g/l to 77 ,ug/l (p=0O00009) (Fig. 3) . group.bmj.com on May 3, 2017 -Published by http://gut.bmj.com/ Downloaded from inflammatory bowel disease, being greater in Crohn's disease (median 20 mg/I, range <2-237 mg/I, n=31) than in ulcerative colitis (median 6 mg/I, range <2-110, n=23) (p=0-019). In both groups of patients there was a significant correlation between human leucocyte elastase and C-reactive protein values: Crohn's disease, R=0*57, p<0.01 (Fig. 4) and ulcerative colitis, R=0 37, p<0 05 (Fig.  5) . In inactive Crohn's disease the median plasma CRP value was 3 mg/l and in inactive ulcerative colitis it was <2 mg/l.
The CDAI was calculated for 19 patients and it correlated significantly with their human leucocyte elastase concentrations (R=0 481, p<0.005) (Fig.  6 ).
Erythrocyte sedimentation rate values were greater than normal in both groups of patients and also in patients with inactive disease. They did not correlate significantly with plasma human leucocyte elastase concentrations.
Discussion
Although the pathogenesis of inflammatory bowel disease is not understood, the presence of neutrophil polymorphonuclear leucocytes in the lesions and their known capacity for production of tissue group.bmj.com on May 3, 2017 -Published by http://gut.bmj.com/ Downloaded from rophils and potentially one of their most damaging products, is therefore of considerable interest. The recent advent of a simple, accessible procedure8 for estimation of the HLE-axl-proteinase inhibitor complex, in which form the bulk of the enzyme circulates in the plasma, facilitates investigation of this question. We report here that both in active Crohn's disease and in active ulcerative colitis the plasma concentration of human leucocyte elastase is markedly raised, with very little overlap into the normal range. As patients go into clinical, symptomatic remission there is a highly significant fall although the values remain slightly but significantly above normal. This may reflect the well recognised fact that histologically demonstrable inflammatory activity is frequently present even in clinical remission of inflammatory bowel disease.
Insufficient longitudinal information is available from this initial study to establish whether serial measurements of human leucocyte elastase are superior to other objective, serological indices of disease activity. The results, however, show excellent correlation between human leucocyte elastase values and simple clinical assessments of disease activity as well as with the more complex, numerical scores of the CDAI and with the objective measurements of circulation C-reactive protein concentration. In the sense that assay of human leucocyte elastase may represent direct measurement of a pathogenic mechanism, albeit only the spill over from lesions to plasma, it may prove to be a very useful new marker for disease activity.
Elastase has previously been studied in the lesions of inflammatory bowel disease. The failure of Kane and Vincenti,20 however, to detect any difference in the elastase content of the rectal biopsies from patients with active or inactive inflammatory and functional bowel disorders probably reflects the fact that they were using an assay for specific proteinase activity. Such activity is normally extremely short lived in vivo as a result of rapid formation of HLE-al-proteinase inhibitor complexes. The inhibitor is of relatively low molecular weight and rapidly attains inhibitory concentrations in inflammatory exudates. In the present study human leucocyte elastase was detected and assayed immunochemically as the physiological enzymatically inactive proteinase-inhibitor complex and the finding of raised plasma concentrations is in agreement with the observations both by Kane and Differences between Crohn's disease and ulcerative colitis in the concentration of several serum markers have been reported. Although the early claim by Falchuk et a122 that serum lysozyme concentrations were higher in Crohn's disease than in ulcerative colitis and could be used for differential diagnosis, was not supported by subsequent studies, there is a general trend towards higher values in Crohn's disease.2326 Similarly the serum concentration of C-reactive protein is usually greater in patients with Crohn's disease than in those with ulcerative colitis for any given degree of disease activity and perhaps as a consequence of the extended dynamic range of C-reactive protein, this difference attains a high degree of statistical significance. 15 16 The present findings with plasma human leucocyte elastase concentrations follow a similar, albeit less marked pattern but in view of the overlap between the two conditions, human leucocyte elastase measurements clearly do not convey any useful differential diagnostic information in individual cases.
As with other clinical laboratory correlative studies in inflammatory bowel disease16 27 there are some exceptional patients in whom human leucocyte elastase is raised in the absence of symptoms and others with clinical activity but no or only a minor rise of the human leucocyte elastase value. The false negative result may arise when symptoms are largely caused by, for example, fixed fibrous obstruction rather than by inflammation, while corticosteroid therapy may, in contrast, increase feelings of well being and mask symptoms without suppressing inflammatory activity. Rather than limiting the usefulness of human leucocyte elastase assays, findings of this type suggest that knowledge of the human leucocyte elastase concentrations should be a valuable component of the assessment of disease activity in inflammatory bowel disease and in monitoring its response to therapy. Further detailed and serial studies are clearly indicated to investigate this prospect.
